Background: carotid sinus hypersensitivity is a common cardiovascular cause of unexplained or recurrent falls in older adults. Effective treatment is available once carotid sinus hypersensitivity is identified. Carotid sinus massage is the only practical method for achieving a diagnosis. Carotid sinus massage is contraindicated if a carotid bruit is present. Objective: to determine the prevalence of carotid sinus hypersensitivity in adults presenting with unexplained or recurrent falls and a carotid bruit. Design: prospective consecutive cohort study. Setting: Accident and Emergency department and regional syncope and falls facility. Subjects: Accident and Emergency patients aged 50 years or over with unexplained or recurrent falls and a carotid bruit. Intervention: 1) carotid doppler ultrasound to identify significant stenosis (050%). 2) Carotid sinus massage (with electrocardiographic and phasic blood pressure monitoring) was performed supine and possibly upright. Methods: consecutive adults with unexplained or recurrent falls were screened for carotid bruits. Those with a carotid bruit were referred for carotid Doppler ultrasound and stratified for further investigation depending on presence and degree of underlying carotid artery stenosis. Carotid sinus massage was performed at least supine in those with up to moderate stenosis (50-69%) in either internal or common carotid artery. Main outcome measure: diagnosis of carotid sinus hypersensitivity. Results: we identified 1682 subjects with unexplained or recurrent falls of whom 179 (11%) had a carotid bruit, 167 underwent ultrasound, 31% had a stenosis 050% (20% 070%) in either internal or common carotid artery. A bruit was associated with significant ipsilateral stenosis in 25% and contralateral silent stenosis in a further 5%. Carotid sinus massage was performed in 121 subjects who were suitable (15 with moderate carotid artery stenosis). Carotid sinus hypersensitivity was found in 41 (34%) subjects (4 with moderate stenosis). No serious complications occurred following carotid sinus massage. Conclusions: carotid sinus hypersensitivity is a possible attributable cause of symptoms in a third of subjects with unexplained or recurrent falls and carotid bruits. Only a small number have severe carotid artery stenosis. Ultrasound will identify high-risk subjects and facilitate accurate diagnosis with carotid sinus massage in the majority.
Introduction
Carotid sinus hypersensitivity (CSH) is a common attributable cardiovascular cause of 'unexplained or recurrent falls' amongst older subjects [1, 2] . Up to 30% of cardiovascular syncope presents as 'unexplained' or 'recurrent' falls in older subjects; the reason for this is unclear but amnesia for loss of consciousness (LOC) during induced asystolic responses to carotid sinus massage (CSM) can be reproduced in over half of these subjects [3] . CSH represents an exaggerated asystolic response (cardioinhibitory; CICSH), an exaggerated hypotensive response (vasodepressor; VDCSH) or a combination of both (Mixed CSH) [4] .
Falls are the commonest single reason for adult attendance to the Accident and Emergency department (A&E) [5, 6] . Most falls are accidental but up to 25% are 'unexplained' or 'recurrent' falls [7] [8] [9] . Data from a pilot series by our group reported CSH as the commonest attributable cardiovascular cause of 'unexplained' or 'recurrent' falls in elderly A&E attendances [6] .
For cardioinhibitory carotid sinus syndrome, effective treatment is available once subjects can be identified. Pacemaker intervention abolishes up to 80-90% of syncope and reduces 'unexplained' or 'recurrent' falls by half [10] .
CSM therefore is a necessary part of the evaluation of older subjects with 'unexplained' or 'recurrent' falls who have no other clearly attributable cause of symptoms.
A carotid bruit (CB) is cited as a relative contraindication to CSM [11, 12] . The presence of a CB is a powerful screening test for internal carotid artery stenosis [13] . Rupture of atheromatous plaques by CSM, with subsequent thrombus formation, leading to thrombotic occlusion or cerebral embolism has been reported [12] . Reduction in cerebral perfusion during CSM, secondary to contralateral carotid stenosis, has also been implicated in neurological complications [11] .
However, CSM is the only practical method of assessment for the diagnosis of CSH [1] and is widely used. The exclusion of subjects with a CB may deny those with 'unexplained' or 'recurrent' falls a diagnosis and treatment. There is currently no standardized protocol for the management of this subject population. The prevalence of CB in subjects with 'unexplained' or 'recurrent' falls attending A&E and in what proportion a diagnosis would be achieved by CSM is unknown.
Objective
To determine the prevalence of CSH in a prospective consecutive series of adults presenting with 'unexplained' or 'recurrent' falls and a CB.
Methods

Study design
The screening protocol was devised in advance of a prospective randomized control trial of pacemaker intervention, to identify all older adults presenting to A&E with 'unexplained' and 'recurrent' falls who were suitable for CSM (Figure 1 ). The methodology for screening has previously been published [5] .
Study participants
Consecutive subjects aged 50 years or over attending A&E at three inner city hospitals were screened by research staff between 1st October 1995 and 28th February 1998. A fall was defined as 'inadvertently coming to rest at a lower level, with or without loss of consciousness' [14] . Subjects were invited to take part in the study if they presented with an 'unexplained' fall (no obvious extrinsic reason) or 'recurrent' falls (three or more falls in the previous year including the index fall). Subjects with cognitive impairment (Mini Mental State Examination of less than 24 out of 30, [15]) were excluded because they might not be able to provide a reliable history of a fall.
Those agreeable to consideration for CSM had auscultation of the carotid arteries performed by the first author (DAR). A CB was defined as 'an abnormal sound heard over the carotid artery related to the pulse and unrelated to the respiratory cycle, joint or muscle movement, or swallowing' [16] .
Those with a CB were referred for carotid Doppler ultrasound (Toshiba Powervision 7.5 MHz, Siemens Elegra 13.5 MHz multifrequency) to assess the presence or absence of carotid stenosis (quantitative evaluation). In addition, when bilateral CB's were associated with a systolic murmur in the aortic area echocardiography was performed. A subsequent management plan was devised in advance of the ultrasonic findings ( Table 1 ). Subjects were excluded from CSM if they had other recognized relative contraindications:-myocardial infarction or cerebrovascular event within previous 3 months; significant aortic stenosis or history of ventricular dysrhythmia [11] .
Carotid sinus reflex sensitivity was assessed by measuring continuous heart rate (surface ECG) and blood pressure ( phasic measurement using digital photoplethysmography; Finapres, Ohmeda, UK) responses to CSM [17] . This was carried out both supine and upright (head-up tilt to 708-footplate assisted table).
Upright CSM was not performed if there was: (i) significant cardioinhibitory response ()3 seconds) elicited supine; (ii) systolic blood pressure less than 100 mmHg on passive head up tilt; (iii) stenosis of 50-70% in the internal carotid artery (ICA) or common carotid artery (CCA); (iv) stenosis of 70% or greater in the external carotid artery (ECA).
CICSH was diagnosed when CSM produced an asystolic response exceeding 3 seconds, VDCSH diagnosed if there was a fall in systolic blood pressure exceeding 50 mmHg in the absence of bradycardia, and Mixed CSH if both responses were present [4] .
Statistical analysis
Characteristics of subjects were compared using an independent sample t-test for age. For dichotomous variables, Fisher's exact test was used.
The protocol was approved by the local ethics committee and all participants gave informed consent after the procedures had been fully explained.
Results
During a 29 month period, 71 299 consecutive subjects aged fifty and over attended A&E ( Figure 1 ). Thirty four percent attended with falls of which up to 15% were unexplained or recurrent falls. A clinical assessment was given to 1682 consecutive subjects with unexplained or recurrent falls, of whom 179 (11%) subjects had a CB (70 bilateral, 61 right, 43 left, 5 site not recorded). The presence of a CB was the largest single contraindication (53% of contraindications) to CSM. These subjects were significantly older, more likely to be female or ex-smokers and had a higher atherosclerotic co-morbidity (33% ischaemic heart disease; 19% myocardial infarction; 16% stroke) and aspirin or NSAID usage than other unexplained or recurrent fallers ( Table 2) . Figure 2 shows the management pathway. Twelve subjects did not or could not attend for carotid Doppler ultrasound. These non-responders (69% female, mean age 78.0"9.1 years, range 55.0-92.0 years), were not significantly older than the other 167 (77% female, mean age 74.3"9.2 years, range 52.0-92.0 years) ( p=0.127).
Fifty-two (31%) subjects who had carotid Doppler ultrasound had a stenosis 050% (34 subjects (20%) had a stenosis 070%) ( Table 3) .
A unilateral CB identified significant underlying stenosis (050%) in a vessel (ICA or CCA) on the ipsilateral side in 24% and on the contralateral side ('silent' stenosis) in a further 5%. Bilateral CB's identified a significant underlying stenosis in any single vessel (ICA or CCA; ipsilateral or contralateral) in 34% and bilateral significant stenosis in 18% (ICA or CCA). There was no significant difference in atherosclerotic co-morbidity between the subjects with significant stenosis and those without.
Thirty four subjects had a stenosis 070% in either ICA or CCA, 2 subjects with bilateral CB's had moderate or severe aortic stenosis on echocardiogram, and a further 4 subjects had suffered a cerebrovascular event since the original assessment and therefore CSM was not performed.
One hundred and twenty one subjects (81% female, 50% denied LOC with the index fall, 33% recurrent falls) were therefore eligible and attended for CSM (Table 2) . CSM was performed in both upright and supine positions in all but 41 subjects ( Table 4 ). There were no serious complications following CSM. One subject reported visual disturbance immediately after cessation of CSM that lasted for 5 seconds.
Sixteen subjects demonstrated a significant asystolic response and therefore had either CICSH or Mixed CSH (13%). VDCSH was noted in a further 25 subjects (21%). CB subjects with either CICSH or Mixed CSH had a higher prevalence of ischaemic heart disease and aspirin/NSAID usage than those with VDCSH (50% vs 12%, p=0.012, OR 7.33 (1.55-34.70) and 56% vs 16%, p=0.014, OR 6.75 (1.57-28.94) respectively). There was no significant difference in demographic characteristics, fall characteristics or medication usage between those CB subjects with CICSH or Mixed CSH and CB subjects with no CSH.
Discussion
Falls are the commonest reason for older adults to attend A&E [5] . Unexplained or recurrent falls account for one seventh of all falls in those aged 50 years or over. One ninth of these older adults with unexplained or recurrent falls who underwent further clinical assessment had a CB. These 179 subjects would not normally be considered suitable for CSM. Excluding those with severe stenosis (070%), CSM demonstrated that one third had CSH. CSH is an attributable cause of unexplained or recurrent falls in up to half of older subjects referred to a dedicated 'syncope and falls' facility [2] . CSM is therefore a necessary part of the evaluation of older adults with unexplained or recurrent falls attending A&E who have no other clearly attributable cause. A significant proportion, 11%, however has a CB that is cited as a contraindication to CSM in the published literature [11, 12] .
Four per cent of the general population have a CB [18] , compared to 9% in unselected sex matched hospital subjects [19] and the prevalence is higher in those with hypertension [20, 21] . The presence of a localized asymptomatic CB increases with advancing years [18, 20, 21] , and is a better predictor for underlying carotid artery stenosis in those over 55 years [22] . CSH is a disease of older people [23] , its prevalence increases with age [5] and subjects characteristically have a high prevalence of hypertension [23] . It might be expected therefore that a significant proportion of subjects with CSH would have a CB. Indeed in one series of 29 subjects with unexplained or recurrent falls one quarter had a bruit over the carotid or subclavian artery [24] .
The contraindication to CSM by the presence of a CB is because it is a surrogate marker for underlying stenosis and hence thought to increase the risk of neurological complications following CSM. The coexistence of neck bruits and carotid occlusive disease was described in 1957 [25] , and many authors [16, 19] have stressed the importance of this association. In selected populations the presence of a CB increases the likelihood of carotid artery disease, but does not necessarily indicate severe stenosis [26, 27] . Ingall suggested a predictive value of CB for moderate to severe ICA disease varying between 51-90% [26] . However, in unselected subjects, a CB was a poor predictor for moderate or severe ICA disease [22, 28] and a large proportion of carotid artery stenoses are not associated with a CB [22, 29] .
Carotid Doppler Ultrasound is not routinely performed prior to CSM in all subjects in our practice. Subjects with silent significant stenosis (050%) must therefore be undergoing CSM. Large retrospective series report that complication rates following CSM are very low (0.14% per CSM episode or 0.45% per subject [11, 30] ). One neurological complication of CSM associated with silent carotid artery stenosis was reported [11] . It is therefore prudent in those with a clinical marker of cerebrovascular disease i.e. a CB, to perform carotid Doppler Ultrasound prior to CSM. The use of 50% and 70% as degrees of stenosis on which to base CSM guidelines is arbitrary but similar to those used when considering carotid endarterectomy [31] . The association of carotid artery stenosis and CSH has previously been described [32] . In 18 subjects the development of transient cerebral symptoms could be abolished following treatment of both stenosis and CSH.
To our knowledge this study is the first to address the relationship of CB, carotid stenosis and CSH in a subject population most likely to benefit from intervention. We have proposed guidelines for management of subjects with unexplained or recurrent falls that have CB's using the results of carotid Doppler US. Using these guidelines 41 subjects with CSH (39% CICSH or Mixed CSH) were identified (34% of those undergoing CSM) that previously may not have received investigation. Four (2 CICSH or Mixed CSH) of these subjects had a significant stenosis. No serious neurological or cardiovascular complications occurred following CSM. Appropriate intervention has already been shown to reduce further falls, fractures and frequency of hospitalization [10] . Therefore appropriate investigation, i.e. CSM, should no longer be denied to those with unexplained or recurrent falls and a CB.
Key Points
. In subjects with unexplained or recurrent falls the presence of a carotid bruit has previously been a contraindication to CSM and hence the diagnosis of CSH. Eleven percent of subjects with unexplained or recurrent falls have a carotid bruit. . Carotid Doppler ultrasound demonstrates that 31% of subjects with unexplained or recurrent falls and a CB have a significant stenosis (50% or greater) of the ICA or CCA. . Using the degree of carotid stenosis as a guide, three quarters of subjects with unexplained or recurrent falls and a CB had CSM safely performed. . CSH, a potentially treatable attributable cause of symptoms is found in a third of subjects with unexplained or recurrent falls and a carotid bruit.
